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Purpose: to identify perioperative variables which may influence mortality of elective abdominal aneurysm repair (AAA).
Method: prospective study of patients undergoing elective AAA repair between 1986 and 1997.
Results: four hundred and seventy patients (438 men, 32 females) with a mean age of 69.4±13 years and aneurysms
with a diameter of 60±3 mm were operated on with a 1-month mortality rate of 5.3%. Multivariate analysis identified
the following independent risk factors for mortality: age >70 (p<0.0001), a past history of myocardial infarction
(p<0.0001), preoperative renal insufficiency (p<0.0001), reoperation (p<0.0001), colonic necrosis (p<0.0001), and severe
postoperative medical complications (p<0.0001).
Conclusion: intra- and postoperative events affect the outcome of AAA repair, independently of preoperative factors, and
should be described when presenting the results of AAA repair.
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Introduction Attention has mainly been focused on preoperative
risk factors where it has been shown that age, renal
The frequency of aneurysms of the abdominal aorta insufficiency and coronary heart disease were in-
dependent markers for postoperative mortality.7–9 Few(AAA) has increased with an estimated 5% current
prevalence in the population aged over 65.1 In the studies have taken into account intraoperative factors
such as diameter of the aneurysm, duration of surgery,same time, the mortality of open elective surgery of
AAA has steadily been reduced since the publication blood loss10,11 or postoperative events such as re-
operations and occurrence of vascular or general com-by Dubost et al. in 1951,2 with rates from approximately
20% 40 years ago to 4%–5% nowadays.3,4 This im- plications3,12,13 which may have a significant impact on
mortality figures.provement is probably due to better patient selection,
technical refinements in surgery and anaesthesia, and The aim of this prospective study was to identify
pre-, intra- and postoperative factors for mortality, inbetter postoperative management.
There is a general consensus that aneurysms over a consecutive series of 470 patients who underwent
open elective surgery for AAA in a single centre over5.5 cm in diameter should be treated surgically and
those below 4 cm should be monitored, while for a period of 12 years.
aneurysms of intermediate size the decision should be
made case by case.5 The UK Small Aneurysm Trial
showed that ultrasonographic surveillance for small
Patients and Methodsaneurysm (4.0–5.5 cm) is safe and that early surgery
does not provide a long-term survival advantage.6 Since 1985, a specifically developed software programThis conclusion was based on a relatively high post- has been used to prospectively document all patientsoperative mortality rate of 5.6%. admitted in the Vascular Surgery department of Henri-Previous studies have attempted to identify factors Mondor Hospital, Creteil, France. Patients who werewhich may predict adverse outcome after surgery. operated on electively for infra- or juxtarenal aneurysm
of the abdominal aorta (AAA) between January 1986
∗ Please address all correspondence to: J. P. Becquemin, Department to December 1997 have been studied.of Vascular Surgery, Hoˆpital Henri Mondor, AP/HP Paris, Uni-
versity Paris XII, Cre´teil, 94000, France. Indications for surgery were a diameter of at least
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5 cm, or rapid growth as on 6-monthly duplex scans. arately previous myocardial infarction, chronic atrial
fibrillation, and left-ventricular dysfunction.Patients with a short life expectancy due to advanced
age, definite incapacity with nursing dependance, in- Renal function. No or minor renal dysfunction included
curable neoplasm, incorrectable severe heart disease no alteration of renal function, serum creatinine below
or end-stage renal insufficiency were denied surgery. 110 mol/l or serum creatinine between 110 and
The aneurysm was assessed in most cases by CT 200 mol/l. Moderate or severe renal dysfunction in-
scan and aortograms. Preoperative work-up com- cluded serum creatinine between 200 and 400 mol/
prised surgical and anaesthetic consultations. All l, serum creatinine above 400 mol/l and patients
patients had ECG and biochemistry investigations in- undergoing dialysis or with renal transplant.
cluding WBC and platelet counts and prothrombin
Respiratory function. Normal pulmonary function in-time. Except for very large aneurysms, patients with a
cluded asymptomatic patients with normal chest X-past history of myocardial infarction or angina pectoris
ray. Abdominal pulmonary function included the re-were screened by a thallium dobutamine scintigraphy
maining respiratory function grades of the SVS/ISCVSand/or cardiac ultrasound study with exercise test.
classification: 1=patient asymptomatic or with slightCoronary angiography was performed selectively, ac-
exercise dyspnoea, defects of the parenchyma visiblecording to the results of the non-invasive studies, or
on chest X-ray; 2=between 1 and 3; 3=vital capacityas the investigation of choice in patients with unstable
less than 1.85 l, FEV1 less than 1.2 l/s or less than 35%angina pectoris. Whenever necessary and feasible, an-
of expected FEV1, maximum breathing capacity lessgioplasty or coronary bypass surgery was performed
than 28 l/min or less than 50% of the expected value,before surgery of the abdominal aorta. Four weeks of
pCO2 greater than 45 mmHg, oxygen therapy requiredchest physiotherapy was performed in patients with
or high pulmonary artery blood pressure. Obesitychronic obstructive pulmonary disease. Patients with a
included excess weight greater than 20% of theoreticalcarotid stenosis greater than 80% on duplex ultrasound
weight. Obesity was defined as body weight >120%underwent carotid surgery prior to AAA repair.
of ideal.A median laparotomy was used except in obese
patients, where a transverse laparotomy was per-
Intraoperative factorsformed. For aneurysms requiring a suprarenal clamp,
Type of abdominal incision, the need for a groin in-a retroperitoneal approach was adopted.
Before clamping, unpurified heparin was ad- cision, the presence of expected or unexpected non-
ministered intravenously at 0.5 mg per kg. This con- vascular intra-abdominal pathology (gallstones, can-
tinued throughout the stay in hospital with the aim cer, diverticulitis), the level of aorta cross-clamping,
of achieving a kaolin-activated prothrombin time of the use of a tube or a bifurcated graft, the re-
1.5 times the control value. vascularisation of renal, inferior mesenteric, or hypo-
gastric arteries, the duration of operation, and the
volume of blood loss.
Definitions of variables
Postoperative factors
Need for reoperation within one month or during thePreoperative factors
Risk factors were graded and recorded according to hospitalisation, and the occurrence of vascular, non-
the recommendations of the SVS/ISCVS.13 However, vascular, and remote or general complications graded
on the account of the limited number of patients in as severe or fatal in the SVS/ISCVS classification.
each category, and in order to obtain adequate stat-
istical power, grades were pooled as follows. Endpoint
Endpoint was postoperative mortality defined as deathCardiac function. No or minor coronary disease in-
cluded asymptomatic patients, normal ECG, myo- before discharge from hospital or occurring within 30
cardial infarction more than 6 months previously or days of the operation.
silent infarction diagnosed by ECG. Significant or
severe coronary disease included stable angina pec-
Statistical analysistoris, asymptomatic arrhythmia, left-ventricular failure
All variables defined above were submitted to a uni-compensated by medical treatment, unstable angina
pectoris, chronic atrial fibrillation, uncompensated left- variate analysis to test their influence on the endpoint.
Student’s t-test, 2 test or Fisher’s exact test wereventricular failure, previous myocardial infarction in
the 6 months preceding surgery. We also tested sep- calculated using Statview statistical software (Abacus,
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Table 1. Baseline characteristics of the population. Table 2. Distribution of the most severe postoperative events
which ultimately led to death in 25 patients.
Population Alive Deceased
Adverse post-op. events Number (%)
Number (%) Number (%) Number (%)
Reoperation 11 (44)
Age >70 years 196 (42) 175 (89) 21 (11) Cardiac complication 6 (24)
Age <70 years 274 (58) 270 (98.5) 4 (1.5) Pulmonary complication 3 (12)
CAD 128 (27) 117 (91.5) 11 (8.5) Colonic necrosis 3 (12)
No or minor CAD 342 (63) 327 (95.5) 14 (4.5) Septicaemia 1 (4)
Previous MI 129 (27) 116 (90) 13 (10) Acute pancreatitis 1 (4)
No MI 341 (63) 329 (96.5) 12 (3.5) Total 25 (100)
LV dysfunction 166 (35) 156 (94) 10 (6)
Normal LV function 304 (65) 289 (95) 15 (5)
Pulmonary disease 50 (10.6) 43 (90) 5 (10)
No pulmonary 420 (89.4) 402 (95) 20 (5) Table 3. Distribution of reoperations and outcome in a series of
disease 470 patients with non-urgent AAA treated by open repair.
Severe renal 15 (3) 9 (60) 6 (40)
dysfunction Causes Alive Dead
Normal or mild 455 (97) 436 (96) 19 (4)
Number (%) Number (%)dysfunction
Obesity 52 (11) 51 (98) 1 (2)
IschaemicNormal weight 418 (89) 394 (94) 24 (6) complications∗ 9 (33) 7 (64)
Arrhythmia 31 (6.5) 30 (97) 1 (3) Haemorrhage 7 (26) 4 (36)
Normal rhythm 439 (93.5) 414 (94) 25 (6) Evisceration 5 (18) 0 (0)
OSFA 89 (19) 83 (93) 6 (7) Graft infection 2 (7) 0 (0)
No OSFA 381 (81) 362 (95) 19 (5) Groin haematoma 1 (4) 0 (0)
Groin infection 1 (4) 0 (0)LV: left ventricle; OSFA: occlusive disease of the superficial femoral
Intestinal infection 1 (4) 0 (0)artery.
Ruptured spleen 1 (4) 0 (0)
Total 27 (100) 11 (100)
CA, U.S.A.). Variables which were statistically sig-
∗ Include lower limb ischaemia in three patients and colonic isch-nificant, with p-values <0.05, were entered into a max- aemia in six.
imum probability logistic regression program (SAS
System, Los Angeles, CA, U.S.A.). For each significant
variable in the multivariate analysis, odds ratios (OR) patients (p<0.0001); moderate or severe renal dys-were calculated with a 95% confidence interval. function (24% vs. 2%, p<0.001); previous myocardial
infarction (52% vs. 18%, p<0.01); aneurysm diameter
(60.8 mm vs. 51.2 mm, p<0.01); presence of internal
iliac aneurysms (24% vs. 9.4%, p<0.05).Results
Intraoperative factors: associated intra-abdominal path-
The characteristics of the patient population (n=470) ology (39% vs. 17%, p<0.05); blood loss (1.9 l vs. 1.1 l,
are presented in Table 1. There were 32 females and p<0.05).
438 men with an average age of 69.4±13. A midline
Postoperative factors: reoperation (44% vs. 6%, p<0.0001);or transverse laparotomy was performed in 366 cases
colonic necrosis (12% vs. 1%, p<0.0001); severe medical(78%) and a retroperitoneal approach in 108 cases
complications (52% vs. 8.5%, p<0.01) (Table 4).(22%). The aorta was clamped below the renal arteries
in 390 cases (83%) and above the renal in 80 cases
None of the remaining tested variables were found to(17%). There were 157 bifurcated (33%) and 313 tube
be significantly associated with death in this series.grafts (67%). Twenty-five patients died postoperatively
The multivariate analysis showed that only six of(5.3%) (Table 2). Thirty-eight patients (8%) required
these factors were independent variables: renal dys-reoperation; 11 of them died (29%) (Table 3). Univariate
function (p<0.0002; OR=40), colonic necrosis (p<0.002;analysis showed that the following factors were sig-
OR=22), severe medical complications (p<0.0001;nificantly associated with a higher mortality:
OR=20), reoperation (p<0.0001; OR=18), age (p<0.001;
OR=15), and previous myocardial infarction (p<0.002;Preoperative factors: average age, 72.5 years old and
66.2 years old respectively for deceased and surviving OR=6).
Eur J Vasc Endovasc Surg Vol 20, July 2000
Factors Influencing Outcome of AAA Surgery 87
Table 4. Distribution of medical complications which occurred estimate the mortality rate for elective surgery of AAA
after AAA repair. around 5%. This figure is supported by the UK Small
Complications Number (%) Aneurysms Trial, where the mortality rate was 5.6%.6
Our series is a single-centre university hospital
Myocardial ischaemia 8 (15) study. Even though there were several surgeons, in-
ARF 6 (11)
cluding two senior surgeons and eight trainees, andPneumopathy 5 (10)
different anaesthetists, the selection and managementMI 4 (8)
of patients were broadly similar over the period ofRPH 4 (8)
observation.Lower-limb phlebitis 4 (8)
Groin haematoma 4 (8) Identifying factors predictive of postoperative mor-
Septicaemia 3 (6) tality is of paramount importance in patient selection.
Urological complications 3 (6) However, intra- and postoperative events are un-
Diverticular sigmoiditis 3 (6) predictable and may not always be patient-related.
Multi-organ failure 2 (4)
Acute pancreatitis 1 (2) Preoperative factors
Paraplegia 1 (2) As in previous studies, age, severe renal dysfunction
Stroke 1 (2) and previous myocardial infarction were found to be
Ascitic infection 1 (2)
strong independent predictors of postoperativeAllergy to heparin 1 (2)
death.7–9,15,21,23 However, we were unable to find any
Total 51 (100)
influence of mild to severe coronary disease, as well
ARF: acute renal failure; MI: myocardial infarction; RPH: retro- as arrhythmia and left-ventricular dysfunction. This
peritoneal haematoma. may be due to the relatively small number of events
and the need for pooling different grades of cardiac
severity. Furthermore, our coronary heart-diseasedDiscussion
patients have been screened and treated before the
AAA repair.The postoperative mortality rate of 5.3% is similar to
that reported in the literature, where figures range A meta-analysis was carried out by Steyerberg of
well-documented series and of a series of patientsfrom 0 to 10.5%.15 Mortality figures depend upon the
date of observation and the type of report (retro- operated on in Leiden. He reported on 17 238 patients
with an overall mortality of 6.8%. Mortality was sig-spective vs. prospective, controlled vs. uncontrolled,
single centre vs. multicentre). In selected series from nificantly increased in the presence of renal in-
sufficiency, heart failure, symptomatic angina pectoris,high-volume centres, mortality rate may be as low as
1.7%;10 but this figure probably does not reflect the respiratory insufficiency and age (in decade groups).22
This report, like that of the SVS-ISCVS joint counciltrue mortality of AAA repair in most places. Katz et
al.,16 in a collective series of 8185 patients undergoing in 1992, proposed scores that enabled the probability of
death after AAA repair to be established. Interestingly,elective surgery for AAA between 1980 and 1990,
reported an overall mortality rate of 7.5%.16 In- Steyerberg’s score takes into account the current mor-
tality rate of each individual centre to determine theterestingly, mortality varied with time. The mortality
rate was 13.6% in 1980 and 5.6% in 1990, despite the probability of postoperative death for a given patient
in a given centre.fact that patients in the latter period were older and
had more risk factors. Katz et al. suggested that it may The influence of aneurysm morphology on post-
operative mortality is controversial. One might havebe due to better perioperative management, but also
to the pernicious effects of the coding systems which expected that the more complex the anatomy, the
poorer the outcome, but this is not a universal find-underlie budgetary allocations to hospital de-
partments.16 Large multicentre trials involving selected ing.11,26 In the current study, aneurysm diameter was
not an independent predictor of mortality, nor washigh-volume centres reported lower mortality rates
than national registers.8,11,17–20 In a previous report col- suprarenal clamping, common iliac or external iliac
extension or associated revascularisation of renal norlecting studies published between 1985 and 1997,15 we
found a 5.8% mortality rate for a total number of inferior mesenteric artery. The only anatomical feature
which was predictive of higher mortality was the35 569 patients. Large multicentre studies reported a
figure of 4.1% for 11 072 patients, studies carried out presence of internal iliac aneurysms. These findings
are in agreement with two previous studies whichin large centres presented a mortality of 3.1% for 6619
patients, and national registers a mortality of 7.8% respectively showed a 5.2-fold27 and 20-fold28 increase
in the mortality rate when one or two hypogastricfor 17 878 patients. It therefore seems legitimate to
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